ABSTRACT Virulent Escherichia coli strains have commonly been associated with diarrheal illness in humans and animals. Typical enteropathogenic Escherichia coli (EPEC) with intimin gene (eaeA) and E. coli adherence factor plasmid, or atypical EPEC with only eaeA have been implicated in human cases. In the present study, we investigated the prevalence of virulence-associated genes including eaeA in the E. coli strains isolated from cloacal specimens of 184 chicken flocks in 7 provinces in Korea between 2009 and 2010. When 7 virulence genes (VT1, VT2, LT, and ST for enterotoxigenic E. coli; eaeA and bfpA for enteropathogenic E. coli; and aggR for enteroaggregative E. coli) were screened by multiplex PCR, a total of 30 E. coli strains carrying only the eaeA gene were detected from 184 flocks that were identified as atypical enteropathogenic Escherichia coli (aEPEC). The aEPEC strains were analyzed by eae subtyping, phylogenetic grouping PCR, and serotyping. Twelve (40%) of 30 aEPEC strains possessed an eae-β subtype, followed by θ (30%), ε (16.7%), and β1 (13.3%). Eight (26.7%) of 30 aEPEC strains were designated into the phylogenetic group A. Two (6.7%) and 3 (10%) aEPEC strains were classified into the phylogenetic group B2 and D, respectively. A total of 15 (50%) aEPEC strains were serotyped to groups O24, O25, O26, O71, O80, O103, and O157, and the remaining strains were nontypeable. In analyzing the genetic diversity among the 30 aEPEC isolates by the pulsed-field gel electrophoresis method with XbaI-digestion, the pulsed-field gel electrophoresis profiling produced 20 different patterns, but isolates within the same group did not show clear geographic or breed relationships. Our data indicate that healthy chickens may constitute an important natural reservoir of aEPEC strains, and suggest that transmission to humans could not be excluded.
INTRODUCTION
Enteropathogenic Escherichia coli (EPEC) is frequently associated with in vitro and in vivo attaching and effacing lesions in epithelial cells and may be foodborne pathogens that cause diarrhea in humans (Zhang et al., 2002; Rey et al., 2003; Wani et al., 2006) . The EPEC strains are defined as intimin-producing diarrheagenic E. coli that posses the ability to form attaching and effacing (A/E) lesions on intestinal epitheliums but do not possess the stx gene (encoding Shiga toxins; Kaper, 1996) . The EPEC strains with the adherence factor (EAF) plasmid and plasmid-encoded type IV fimbrial gene, bfpA, are classified as typical, whereas those negative for the EAF and bfpA genes are atypical (Gunzburg et al., 1995; Blanco et al., 2004) . Typical EPEC, a leading cause of infantile diarrhea in developing countries, is rare in industrialized countries, where atypical EPEC (aEPEC) seems to be a more important cause of diarrhea (Johnson and Lior, 1988; Nataro and Kaper, 1998; Trabulsi et al., 2002; Nguyen et al., 2006) . For typical EPEC, the only reservoir is humans; for atypical EPEC, both animals and humans can be reservoirs (Nataro and Kaper, 1998; Wani et al., 2004 Wani et al., , 2006 .
Intimin, a 94-kDa outer membrane protein encoded by the eae gene, is responsible for the intimate adherence between bacteria and enterocyte membranes (Jenkins et al., 2006) . The EPEC and Shiga toxin-producing E. coli strains from animals such as cattle typically possess major intimin subtypes (β, β 1 , γ, and γ 1 ) that are prevalent in many Asian and European pathotype strains (Kobayashi et al., 2003; Blanco et al., 2004) . A previous report detected both eaeA-and stx-possessing E. coli strains from wild bird cloacal swabs in Japan (Kobayashi et al., 2009) . Those strains were identified as atypical E. coli strains containing various intimin subtypes (α, α 1 , β, ε, λ 1 , ν, μ, χ, ζ, and ξ) which were classified as a minor human intimin group (Kobayashi et al., 2009) .
In addition, analysis and comparison of phylogenetic background or serotypes, along with detection of virulence genes, may provide a useful tool for predicting pathogenicity potential of E. coli isolates from diseased and healthy poultry (Clermont et al., 2000; RodriguezSiek et al., 2005; Dissanayake et al., 2008) .
There are few reports on the prevalence and characteristics of EPEC isolates from Korean poultry farms. The purposes of the study were to determine the prevalence of intimin-producing E. coli isolates from feces of healthy chickens in the Korean peninsula and to survey their characteristics based on the serotypes, phylogenetic background, and pulsed-field gel electrophoresis (PFGE) patterns.
MATERIALS AND METHODS

Sampling and Bacterial Isolation
According to the Statistics Korea, 2011 (Kang et al., 2012) , more than 3,400 commercial chicken farms including layers and broilers are distributed in South Korea, and the total chicken farms investigated in this study were approximately 2.3% (78/3,403). Fresh fecal samples were collected with a sterile spatula from the floor of each flock of 78 commercial chicken farms (109 flocks/44 broiler farms and 75 flocks/34 layer farms) from 7 provinces in South Korea between 2009 and 2010. Twenty-five grams of pooled fecal samples collected from each flock was inoculated to 225 mL of pre-enrichment broth, buffered peptone water (Becton, Dickinson and Company, Sparks, MD), and incubated at 37°C for 24 h without shaking. A 100-µL bacterial suspensions were pipetted into 1.5-mL tubes, heated in a boiling water bath for 10 min, and centrifuged at 13,800 × g for 10 min at 4°C. Supernatants were used in the PCR reaction. Detection of virulence genes [VT1, VT2, LT, and ST for enterotoxigenic E. coli (ETEC); eaeA and bfpA for enteropathogenic E. coli; and aggR for enteroaggregative E. coli] associated with the diarrheal E. coli toxin were conducted by multiplex PCR using a 7-plex detection kit (Kogenbiotech Co. Ltd., Seoul, Korea). Polymerase chain reaction was performed according to the manufacturer's instructions. Briefly, PCR amplification was conducted with an initial denaturation at 95°C for 12 min, followed by 35 cycles consisting of denaturation 95°C for 30 s, 1 min of annealing at 58°C, and 1 min of extension at 72°C. The PCR products were electrophoresed on 2% agarose gel, stained with ethidium bromide, and visualized using a UV transilluminator. The PCR kit contained a positive control and multiplex primer sets. The EAF gene was detected by simplex PCR (Wani et al., 2006) . The eaeA-positive bacterial cultures detected by multiplex PCR were serially diluted 10-fold in 1.5-mL eppendorf tubes. A 100-µL aliquot of each dilution (10 −4 and 10 −5 ) was spread on MacConkey agar plate (Becton, Dickinson and Company) and was incubated at 37°C for 18 h. Several colonies cultured on media were randomly selected and were tested by PCR to detect eaeA (863 bp, primers SK1 and SK2) as described previously (Zhang et al., 2002) and then nonredundant eaeA-positive clones per flock were selected for further study. The biochemical identification for eaeA-positive E. coli strains was performed using the VITEK2 system (Biomerieux SA, Marcy l'Etoile, France).
Subtyping of eae Gene and Phylogenetic Grouping
The intimin-encoding eaeA genes were analyzed by PCR amplification of a portion of the LEE locus (enterocyte and effacement) using previously described primer pairs (Blanco et al., 2004) .
A triplex PCR was performed to determine the phylogenetic grouping of E. coli isolates by targeting 2 genes, chuA and yjaA, and an anonymous DNA fragment, TSPE4.C2 (Clermont et al., 2000) . Each 25 µL of PCR reaction mixture for multiplex PCR contained, in addition to 1 µL of genomic DNA, 1.5 mM of MgCl 2 , 2.5 mM of each dNTP, and 2 U of TaKaRa Ex Taq DNA polymerase. The PCR conditions were as follows: 94°C for 5 min followed by 30 cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for 30 s. A final extension of 72°C for 5 min was performed. The phylogenetic tree was used to classify E. coli isolates into 4 phylogenetic groups (A, B1, B2, and D).
Serotyping
Serotyping for the eae-positive E. coli strains was carried out as previously described using all available O antisera (O1-O181) produced by the LREC in Lugo, Spain (Rey et al., 2003) . Briefly, E. coli colonies grown at 37°C on trypticase soy agar (Becton, Dickinson and Company) were suspended in 2 mL of saline solution [0.85% (wt/vol) sodium chloride]. The bacterial concentration was adjusted to the tube number 6 of the MacFarland Barium Sulfate Scale (1.8 × 10 9 bacteria per mL). To prepare the O antigen, bacterial suspensions were heated at 100°C for 1 h or autoclaved at 121°C for 2.5 h. Two milliliters of formalinized saline solution [0.85% (wt/vol) sodium chloride, 0.5% (vol/ vol) formalin, and 0.005% (wt/vol) gentian violet] were added to all bacterial antigens. Fifty microliters of antigen suspension was added to each well (96 V-bottom) that contained 50 µL of polyvalent antisera (P1-P25), which was diluted to 1/80 with SS solution [0.85% (wt/ vol) sodium chloride and 0.1% sodium azide]. To examine for agglutination, negative reactions are indicated by a sharp point, whereas positive reactions are indicated by a carpet. The reactions can be read after 8 h of incubation, but overnight incubation usually results in more clear-cut reactions. Serogroups were confirmed by the same procedure mentioned above with monova-lent antisera. All O antiseras were kindly provided by Division of Enteric Bacterial Infections and Center for Infectious Disease, Korea National Institute of Health (Osong, North Chungcheong Province, Korea).
PFGE
The PFGE plugs were prepared according to the CDC PulseNet standardized procedure for molecular subtyping of Escherichia coli O157:H7, nontyphoidal Salmonella serotypes, and Shigella sonnei by using the CHEF Mapper apparatus (Bio-Rad Laboratories, Hercules, CA). The genomic DNA was digested with XbaI (Roche Diagnostics GmbH), and XbaI-digested DNA from Salmonella Braenderup H9812 were used as size standards in all PFGE gels. The agarose plugs were digested with 50 U of XbaI at 37°C for 2 h, and agarose gels were run in 0.5× Tris-borate-EDTA buffer at 14°C at 6 V/cm for 19 h with an auto-algorithm condition (low MW, 30 kb; high MW, 600 kb). The gel images were stored electronically as TIFF files and analyzed using Bionumerics software version 5.0 (Applied Maths, Saint-Martens-Latem, Belgium) for band analysis with the Dice coefficient used to compute the similarity matrix and then transformed with the arithmetic average (UPGMA).
RESULTS
Detection of Bacteria with Virulence Genes
A total of 30 E. coli isolates from 184 tested chicken flocks were PCR positive for eaeA. The eaeA-positive E. coli strains were detected in 23.0% (23/100) of broiler flocks and 8.2% (7/85) of layer flocks, respectively (Table 1 ). All eaeA-positive E. coli strains were identified as atypical enteropathogenic E. coli because they were negative for both the bfpA and EAF genes. All samples tested in this study were negative for bfpA, EAF, VT1, VT2, LT, ST, and aggR by PCR.
Subtyping of eae, Phylogenetic Grouping PCR, and Serotyping Analysis
The aEPEC strains were analyzed by eae subtyping, phylogenetic grouping PCR, and serotyping (Table 2) . Most aEPEC strains (12/30, 40%) possessed an eae-β subtype, followed by θ (9/30, 30%), ε (5/30, 16.7%), and β1 (4/30, 13.3%). The PCR assays for phylotyping of 30 aEPEC strains indicated that the isolates distributed in 3 phylogenetic groups including 36.6% (11 isolates) in A, 10% (3 isolates) in D, and 6.6% (2 isolates) in the B2 group. The remaining 14 strains were not amplified. A total of 15 (50%) aEPEC strains were serotyped to groups O24, O25, O26, O71, O80, O103, and O157. Of these, most dominant serotypes were O25 (n = 5, 19.7%) with eae-θ and O80 (n = 5, 19.7%) with eae-β, respectively. However, the remaining 15 strains were classified as untypeable.
PFGE
A total of 30 aEPEC strains were analyzed by PFGE after DNA digestion with XbaI (Figure 1 ) to determine their clonal relatedness. Twenty different PFGE patterns (A-T) exhibiting ≥80% similarity were produced with the enzyme digestion. The most common PFGE patterns were types K and Q. In this study, PFGE patterns were not related with geographic distribution and chicken types.
DISCUSSION
This present study has investigated 184 healthy chicken flocks (109 broiler flocks and 75 layer flocks) for their significance as excretors of aEPEC in Korea. 
The aEPEC were detected in 16.8% (21.1% in broilers and 9.3% in layers). Prevalence of aEPEC in birds might vary depending on the geography, health status, and bird species. In the previous studies, there were reports exhibiting the prevalence of aEPEC including 30% of diseased chickens in the United States (Rosario et al., 2004) , 15.0% of broilers in Finland, 7.2% of layers in Italy (Dipineto et al., 2006) , 2.7% of migratory wild birds in Korea (Oh et al., 2011) , 1.8% of chickens in EU (Stordeur et al., 2002) , and healthy broilers in Iran (Ghanbarpour et al., 2011) , respectively. Similarly, atypical enteropathogenic E. coli strains were isolated from children (9.3%) with diarrhea, compared with the healthy control group (Alikhani et al., 2006) . The present study and other studies demonstrated that aEPEC were isolated from healthy poultry that serve for food production, like livestock such as cattle, sheep, and pigs (Krause et al., 2005) . It is likely that pathogenic aEPEC may be transferred to humans by fecally contaminated food of chicken origin or by direct contact between chickens and humans. Enterotoxigenic E. coli were not isolated from the 184 flocks. Some reports indicated that colonization and fecal shedding of ETEC were observed in chicks after oral challenge (Stavric et al., 1993; La Ragione et al., 2005; Johnson et al., 2007) . However, ETEC was not detected from chicken fecal samples at farms or slaughterhouses (Kobayashi et al., 2002; Wani et al., 2004) or was detected in 1% at a very low level (Cobeljić et al., 2005) . It was suggested that chickens might not be potential reservoirs of ETEC.
The 30 aEPEC strains from this study showed 4 different intimin types (β, β1, ε, and θ) . Among the types, intimin β was most frequently found and distributed over 3 serotypes (O26, O28, O103) of aEPEC strains. Previous investigations also exhibited evidence for a widespread of this intimin type in EPEC and EHEC strains of different origin from animals to humans and serotypes (Oswald et al., 2000; Aktan et al., 2004; Beutin et al., 2004; Krause et al., 2005) . Intimin θ was the second most frequently detected intimin type in this present study (30%) and present in 3 kinds of serotypes (O25, O71, and nontypeable) of aEPEC strains. Similarly, Krause et al. (2005) reported that this intimin was detected in 23.7% of EPEC strains isolated from dogs, cats, cattle, sheep, and pigs. Two of the other intimin types (β1 and ε) occurred more rarely than EPEC, corresponding to previous findings (Oswald et al., 2000; Zhang et al., 2002; Jenkins et al., 2003; Ramachandran et al., 2003; Blanco et al., 2004; Krause et al., 2005) .
Escherichia coli strains can be separated into 4 main phylogenetic groups: A, B1, B2, and D (Johnson et al., 2002; Nowrouzian et al., 2005; Kanamaru et al., 2006; Carlos et al., 2011) . The strains analyzed in this work were classifed into 3 (A, B2, and D) of these 4 main phylogenetic groups. Although phylogenetic group B2 was most frequently found in the wild birds (Oh et al., 2011) in Korea, most of the strains isolated from healthy chicken in our study bearing virulence factor (intimin) belonged to groups A 36.6%, and 10% belonged to group D and 6.6% to group B2. In similarity to this study, PCR results revealed that fecal E. coli isolates from chickens classified into A (60.7%), D (21.4%), and B2 (8.9%) phylogenetic groups (Ghanbarpour et al., 2011) . Moreover, Dissanayake et al. (2008) reported that commensal E. coli isolates from poultry segregated in the phylogroup A, exhibiting similarity to the results of this study. Escobar-Paramo et al. (2004) also found a remarkable association between diarrheagenic virulence genes (intimin, Shiga toxin, and heatstable enterotoxin) and phylogenetic groups A and B1. These authors concluded that there is a lack of compatibility between these genes and genetic background of groups D and B2.
In conclusion, our data show that aEPEC strains are frequently occurring in healthy chickens and transmission to humans cannot be excluded, although to date there have not been any direct links between any E. coli in poultry and human disease. In the future, these strains need to be recognized as a potential pathogroup that may pose a significant threat to human and animal health.
